1. By the use of a mechanical graded sieving technique a high yield of isolated glomeruli has been obtained from rat kidney. 2. Microscopy and renin assay have shown the presence of renin-containing juxtaglomerular cells attached to these glomeruli.
Introduction

Many different factors influence the release of renin
from the juxtaglomerular apparatus. Four major mechanisms are involved in the control of renin release: afferent arteriolar pressure change, variations in tubular sodium as detected by the macula densa, the sympathetic nervous system, and the influence of circulating hormones and cations. A major difficulty in designing experiments to study renin release in uiuo has been the inability in most experimental situations to alter these variables independently. To resolve this problem a technique has been developed of superfusion of freshly isolated rat glomeruli with attached juxtaglomerular cells. This enables the influence of substances acting directly on those cells to be studied.
Methods
Isolation of glomeruli
In each experiment six adult Sprague-Dawley rats were killed and their glomeruli isolated by a mechanical sieving technique (Atkins, Glasgow & Mathews, 1974) .
By this technique rat kidney cortex is 'buttered'and pipetted with tissue culture medium 199 (C.S.L., Melbourne, Australia) through four steel meshes of decreasing pore size (280, 185, 130 , 100 prn). Connective tissue and tubules are retained on the first three meshes and the material retained by the final mesh contains 95% intact glomeruli, single cells and debris passing through.
Superfusion of isolated glomeruli
Equal numbers of glomeruli (2000-10 OOO) were placed in four sealed superfusion chambers and superfused at constant rate (95 pllmin) with modified oxygenated Ringer solution or tissue culture medium 98s S. Holdsworth et al.
199. Portions of superfusate were collected for 3 min periods for renin assay (Morris, Nixon &Johnston, 1976) .
Renin assay
Renin was measured by incubation with exogenous renin substrate from nephrectomized sheep plasma. The angiotensin I produced was measured by a competitive antibody radioimmunoassay described previously (Johnston, Mendelsohn & Casley, 1969) .
Results
Isolated glomeruli
Viability. Glomeruli isolated by the above technique were tested for viability by their ability to grow in tissue culture and by the exclusion of vital dyes. Freshly isolated glomeruli were placed in tissue culture flasks (Falcon Plastics) in culture medium 199 with added 5 % foetal calf serum (C.S.L.). These cultures were observed daily for 3 weeks. Over this interval 65% ofthe glomeruli were observed to attach to the flask and bud out an actively dividing monolayer of non-fibroblastic glomerular cells.
Isolated glomeruli were also incubated in Trypan Blue (0.1%) for 1 h at 37°C and shown to exclude the dye (Phillips, 1973) .
Morphology. Observation by phase-contrast microscopy showed that glomeruli isolated were usually free of Bowman's capsules and consisted of capillary loops without other tissue attached.
In 10% of the glomeruli isolated short arteriolar attachments were observed, and occasionally short fragments of tubule were observed attached to isolated glomeruli ( < 5%). No glomeruli were seen with both tubule and arteriole attached, indicating that the process separated the tubular and arteriolar components of the juxtaglomerular apparatus.
Renin content. To confirm that juxtaglomerular cells were still attached to isolated glomeruli, freshly isolated glomeruli were assayed for their renin content. Individual glomeruli were found to contain renin activity 0.023 pmol of AI")/h (SEM+_@OI~). Assuming 30 OOO glomeruli per rat kidney (Arataki, 1926) , the percentage of renin remaining in glomeruli after isolation was calculated as (renin/glomerulus x no. of glomeruli/kidney-renin/kidney). A minimum ( I ) Abbreviation: AI, angiotensin I . of 12% of juxtaglomerular cells remained attached to glomeruli during the isolation procedure.
Renin release during superfusion
Characteristics of renin release. Assay of fractions collected during superfusion showed initially large amounts of renin. By 40 min the renin had fallen to a stable level and remained constant at this over the next 3 h. It was during this stable period that experiments concerning renin release were performed. The initial high amount of renin was due to the washout of extracellular renin accumulated during the isolation procedure. The stable basal value for renin released after the washout period was 0.1 1 pmol of A1 h-min-' per 10 OOO superfused glomeruli. Basal renin release was found to be directly proportional to the number of glomeruli superfused over the range 2000-37 OOO glomeruli (r = 0.97, P < 0,001, n = 30).
Effects of varying sodium concentrations on renin release. The result of varying sodium concentrations on the rate of renin release is shown in Fig. 1 . Lowering sodium concentration from 140 mmol/I to 1 10 mmol/l, whilst maintaining osmolarity constant at 305 mosmol/l, resulted in a significant elevation in rate of renin release per minute from 0.3 pmol of AI/h (SEM 0.04) to 0.8 pmol of AI/h (SEM 0.15, n = 7, Pc0.01). There was an elevated rate of release for 15 min but a return to basal values before reintroduction of the higher sodium concentration perfusate. Control channels in each experiment in which the sodium concentration was maintained at 140 mmol/l showed no change from base line.
Eflect of catecholamines on renin release. Isoprenaline was found to stimulate renin release when added to the superfusate. Adding isoprenaline 20 ,ug/ml for 4 min resulted in an increase in renin release per minute from 0.054 pmol of AI/h (SEM 0.019) to 0.265 pmol of AI/h (SEM 0,044; P<OW5). There was a return to basal level of release 12 min after this stimulus. Although the mean results are highly significant there was considerable variation between rats in response to isoprenaline. The effect of catecholamines on renin release from isolated glomeruli was also studied by incubating aliquots of 200 glomeruli for 1 h in the presence of isoprenaline, noradrenaline and adrenaline. All catecholamines stimulated renin release significantly more than control incubation (n = 10, P <0.01). Thedecreasing degree of renin release induced by these catecholamines was isoprenaline > adrenaline > noradrenaline.
Discussion
The two major factors that control renin release are the baroreceptor effect of afferent arteriolar pressure changes (Davis, 1973) and the effects of tubular sodium as detected at the macula densa (Vander, 1967) . Also important are the effects of the sympathetic nervous system (Ganong, 1972) and humoral and ionic influences (Davis, 1973) . A major difficulty in experiments designed to study renin release has been the inability to alter these variables independently.
Superfusion of isolated glomeruli allows the study of the influences acting directly on juxtaglomerular cells. This system eliminates arteriolar or interstitial pressure and tubular sodium load and is free from the influence of the sympathetic nervous system and of circulating hormones. Evidence that this system is a physiological technique of assessing renin release is seen by the viability of the isolated cells and their ability to respond reproducibly to stimuli.
The system has already provided information about two of the important mechanisms of renin release. Response to catecholamines suggests a juxtaglomerular cell B-adrenoreceptor mechanism. This has been shown in vi/ro with kidney slices (Nolley, Reid & Ganong, 1974) . The response paralleled the order of potency of these catecholamines, giving further evidence of a 8-adrenoreceptor-mediated response.
The effect of sodium on renin release is still controversial. Vander's (1967) hypothesis was that renin release was inversely related to tubular sodium concentration. The finding of an increased rate of renin release from isolated glomeruli when sodium concentration is lowered further supports this view.
